conservation organizations, popular media, herb sellers and growers, consumers, and herbalists have all referred to the UpS lists (Cech 1998 , Westfall and Glickman 2004 , McCoy et al. 2007 , Roberson 2008 . As use of the lists has expanded, so has recognition of their limitations. Despite a stated desire for the lists to be continuously reviewed and for species to be removed from the lists as the threat of over-harvest is reduced (Gladstar 2000) , the difficulties of including input from so many stakeholders made the lists effectively static. Neither additional plants nor additional information could be easily added. Without publicly available criteria, inclusion on the At-Risk List did not provide any information about the factors causing a species to be vulnerable, information about areas of greatest conservation concern, or means of comparing one species to another.
Working with the United Plant Savers, we set out to create a tool to answer these criticisms and better aid in setting conservation priorities for wildharvested medicinal plants. Our primary goal was to create a tool that: 1) meets the needs of the diverse users of the United Plant Savers lists, 2) leads to numerical scores of vulnerability to over-harvest that are comparable across species, 3) is based on explicit, science-based criteria, and 4) is transparent and adaptable such that new information or new plants can be added at any time. Our second goal was to use the assessment tool to score plants and use the numerical scores to inform updates to the At-Risk and To-Watch Lists.
Materials and Methods

Creation of the Assessment Tool
The format of the assessment tool was patterned after the Blue Oceans Group's Seafood Mini Guides (Brownstein et al. 2003) . As with susceptibility of seafood to over-fishing, vulnerability to over-harvest depends on many different factors, from intrinsic life history traits to market forces. Based on literature, logic, and discussions with conservation practitioners, five main factors that influence a species' vulnerability to overharvest were determined: life history, effect of harvest on individual plants, population size, habitat, and demand (Peters 1994 , Cunningham 2001 , Schippmann et al. 2002 , Schippmann et al. 2006 . While it was recognized that each of these factors is important, it was impossible to quantify their relative importance, so like the seafood assessment or Rabinowitz's "seven forms of rarity" (1981), we considered each factor equally. The At-Risk Assessment Tool is divided into five sections based on these factors. Each section begins with a broad multiple choice question that leads to a score of 4 to 12 points, which is then modified by three to five questions that can add or subtract up to two points each. The range for point values was selected for ease of use with integer values and whole number totals. Absolute magnitude of the scores is not meaningful outside of the context of the tool. The complete list of main and modifying questions and their associate point values can be found on The At-Risk Assessment Tool in Appendix A. A species' score is the sum of all the section scores and the higher the point total, the more vulnerable the plant species is to overexploitation.
The questions in each section are discussed below.
Life History section
This group of questions assesses how quickly a plant can grow and spread. For example, a long-lived perennial that is destructively killed when harvested will score 12 points for life history, while a harvested annual will score only 4. Vegetative reproduction in the wild will decrease this score, and the necessity of a specialist pollinator will increase it.
Effect of Harvest on Individuals section
This group of questions will produce higher scores for plant species that are root harvested rather than those for which the leaves are used. Re-sprouting or quick recovery will decrease this score and a long harvest season (thus being open to year round exploitation) will increase it.
Population Size section
These questions' scores will primarily be determined by the extent and density of naturally occurring populations. The size of the range and habitat specificity modify this section score.
Habitat section
The main question in this section is about the vulnerability and extent of a plant species' habitat. Habitats that are both limited and specifically threatened score 12 points, and habitats that are widespread and no more threatened than all natural areas score 4. Modifying questions concern fragmentation, soil type, and particular habitat threats (e.g. urbanization, logging, invasive species).
Demand section
These questions' scores will primarily be determined by the annual demand for wild harvested plant product. Availability of widely accepted substitutes and ease of cultivation will decrease this score, while unique uses and failed past attempts at cultivation will increase it.
The process of refining the list of questions was collaborative and iterative. At each stage, plant ecologists and medicinal herbs specialists were asked to independently score plant species. Areas where scores were most divergent were noted and discussions ensued about whether the differences were due to incomplete information or different interpretations of the questions. After several rounds of scoring and discussion, a committee of 14 met in person in July 2005 for an At-Risk Tool Review meeting at HerbPharm in Williams, Oregon. At this time, we placed quantitative bounds on question responses (e.g. that high demand is more than 10 tons dry weight collected annually in the United States, or that a large range extends more than 300 miles) and questions for which the answers are unknown for most species (e.g. seed bank details, or how disturbance affects reproductive output) were removed from the tool. We recognized that one of the weaknesses of the tool is that good data on the actual number of plants, seed produced, and other reproductive characteristics do not exist for most species of medicinal plants.
Selection of Species and Scoring
All of the taxa on the United Plant Savers At-Risk or To-Watch Lists as of October 2012 were scored using the tool. Stinging nettle (Urtica dioica L. Urticaceae) and elderberry (Sambucus canadensis L. Caprifoliaceae) were also scored because we wanted to include species that likely (and did) have low scores because they were not at risk. Each species was independently assessed by at least three scorers who work in the field of plant ecology. Many species were also assessed by undergraduate students in plant science classes at Glenville State College and Southwestern Oklahoma State University as part of an assignment investigating medicinal plants and internet information retrieval. To assess a species, the scorer enters the point value for each main and modifying question on a score sheet. The score sheet also contains a space for the scorer to enter a note about the relevant knowledge for that question and a space to identify the source of that knowledge. Where possible, scorers relied on primary and well-documented secondary source information including the North Carolina Consortium on Natural Medicines Grower's Guides, the USDA Plants Database and the American Herbal Products Association Tonnage Reports (Greenfield and Davis 2004 , USDA, NRCS 2013 , Dentali and Zimmerman 2012 . Where better-documented data were unavailable, plant information was also gleaned from web pages of wildcrafters, retail herbal companies, and home gardeners.
"Master Scores" for each species were assigned by Kindscher or Castle. To do this, all of the independent score sheets were compiled and a score for each question was assigned based on the consensus responses from the individual score sheets or from reconciling differences based on source data.
Results
Scores on the 40 species assessed ranged from a low (least vulnerable to overharvest) of 8 for nettles (U. dioca) to a high (most vulnerable to overharvest) of 75 for sandalwood (Santalum paniculatum Hook & Arn. Santalaceae and related species) ( Figure 1 ). The most vulnerable species scored, including sandalwood, had high scores in all five areas assessed. Many species on the original At-Risk List had high scores for several categories, but not for all, which highlights different areas of greatest concern for different species.
Collectively, those species on the 2012 At-Risk List had higher average scores than those on the 2012 To-Watch List and those on the To-Watch List had higher average scores than the species assessed that were not listed by United Plant Savers. Many individual species from the 2012 To-Watch List, however, scored higher than some individual species originally deemed At-Risk, which indicates a need to examine the dividing line between At-Risk and To-Watch.
Discussion
Case studies of species on the At-Risk List
The following case studies present a range of species that were scored with the ranking tool. 1) Eastern Deciduous Perennials: American Ginseng (Panax quinquefolius L. Araliaceae), score of 63, and Mayapple (Podophyllum peltatum L. Berberidaceae), score of 34 Many of the species on the original At-Risk List are herbaceous perennials from the understory of the deciduous forest in the Eastern United States and Canada. Most of these species are long-lived and harvested for root or rhizome use (Klein 2000) , giving them high scores for the main questions in life history and effects of harvest on individuals, yet the overall scores can be quite different.
Comparing mayapple (overall score of 34) with American ginseng (overall score of 63) highlights the areas in which two perennial species from the same woodlands can differ. Mayapples can thrive along roadsides, spread rhizomatously, and are easy to grow in a garden setting, decreasing their life history score compared with disturbance intolerant ginseng. While both species have a naturally wide range, covering hundreds of kilometers, ginseng patches are much less dense and more difficult to find than mayapple patches. Adverse effects of the plant-killing harvest on population size and structure in ginseng populations have been documented (McGraw 2001 , Mooney and McGraw 2009 , Rock et al. 2012 , thereby increasing the relative vulnerability of ginseng to overharvest.
Both mayapple and ginseng live in a habitat of fairly stable size that is threatened by invasive species, overgrazing by deer, and expanded human development. Impacts of these habitat changes on ginseng populations have been studied and documented (McGraw and Furedi 2005, Wixted and McGraw 2010) . Mayapple populations, frequently visible from roadsides, appear less disturbed by these habitat changes; but, as with most medicinal plant species, effects of habitat changes on the populations have not been directly studied.
Demand for ginseng remains high and, although cultivation is possible, wild-harvested roots continue to sell at a considerable premium (Hankins 1998 , Chamberlin et al. 2013 . The demand for mayapple, meanwhile, is low: a recent internet search found many more retailers selling plants for ornamental garden use than selling medicinal mayapple products in any form. While no long-lived perennial harvested for roots or rhizomes is invulnerable to overharvest, mayapple exhibits traits that make it considerably less vulnerable than American ginseng.
2) Nettle (Urtica dioica), score of 8 Stinging nettles is a well-known herb that is common in moist soil and waste places. Its low score suggests it is not at risk of over-harvest and it exemplifies many of the traits of species for which wild harvest is not currently of conservation concern. It is a perennial that reproduces the first year from seed, spreads by rhizomes, and is almost invasive. As only the leaves and stems are generally collected, harvest does not impact the population much. A nettle patch can be harvested more than once per year, and certainly every year as it re-grows easily. The plant is naturally abundant with a large range and many dense populations that appear to be stable, and painful to harvest, across its range. Its specific habitat is not threatened and there are large areas of low, moist waste ground along creeks and streams. Finally, although the annual demand for nettles is moderate, the plant is high yielding and can easily be cultivated. Overall this plant is not at risk for being over-harvested.
3) Sandalwood (Santalum spp.), score of 75 Native Hawaiian sandalwood is vulnerable to overharvest and possibly at risk of extinction due to the fact that it takes more than 40 years to mature, and harvesting involves removing the entire tree. Furthermore the sandalwood tree is a hemi-parasite species that needs certain host plants in order to grow, making it a tricky species to reforest successfully. Sandalwood's extraordinary fragrance, versatility, and medicinal properties have put it in high demand for centuries, all over the world. This is why Hawaii's native sandalwood population was almost completely decimated during the infamous sandalwood trade that took place during 1815-1825. Despite this history, Hawaii remains the only region in the world where sandalwood is commercially harvested without regulation. Native Hawaiian sandalwood represents a quarter of the diversity of the genus Santalum. Six separate species are found throughout the Hawaiian Islands, and within these species are several unique varieties, all endemic to the Islands. One variety, Santalum freycinetianum var. lanaiense Rock, has already been officially recognized as endangered (USDA, NRCS 2013). Currently, S. paniculatum is the only species that is currently commercially harvested on the Big Island (Tummons 2010) . Sandalwood was placed on the UpS At-Risk List by a board vote in 2011. After hearing concerns about exploitation of sandalwood in Hawaii, UpS members scored the plant using a draft version of the tool, and then came to the consensus decision to add Sandalwood to the At-Risk List. It is the only taxon that has been added to the list after being scored with the tool.
Sandalwood has a high life history score as it is a long-lived tree that does not reproduce easily. It scored high on effects of harvest on populations because the entire plant is harvested, many plants do not re-grow, and for those that do, they are slow growing. It scored very high in abundance and range, which are both very limited due to limited habitats on an island. The habitat of native sandalwood is both scarce and threatened. Finally, sandalwood scores high in demand because there is a large market for the volatile oil and no commercial cultivation exists in the US. Overall, sandalwood, with a score of 75, exemplifies all of the traits of a plant species at great risk of being over-harvested. 4) Echinacea (Echinacea angustifolia DC. Asteraceae), score of 44 The Echinacea genus in North America includes nine species with very different ranges and medicinal use patterns. The most popular medicinal Echinacea is E. angustifolia, which is primarily harvested in the wild (Price and Kindscher 2007; Kindscher et al. 2008) . Also in the genus are Echinacea purpurea (L.) Moench, which is widely cultivated, and two species that have been listed as threatened or endangered (E. sanguinea Nutt. and E. tennesseensis (Beadle) Small). To clarify assessment, we are considering Echinacea species separately, rather than as a collective genus as originally listed on the At-Risk List. We have scored only E. angustifolia here, but caution that E. sanguinea and E. tennesseensis, because of their small population sizes and limited ranges, are species more vulnerable to overharvest.
The life history score for E. angustifolia is low to moderate because, although it is a long-lived perennial, it tolerates disturbance, produces lots of seeds, and most interesting, half of the harvested plants are able to re-sprout after the top 6-10 inches (15-25 cm) of root is harvested (Kindscher et al. 2008) . The score for "Effects of Harvest" is high because roots are harvested (which can kill the plant), it takes years for plants to be large enough to harvest, harvest is conducted nearly year-round, and, when recovery from harvest occurs, it takes several years for the roots to be large enough for harvest again. The abundance and range score is very low because many scattered populations exist over a large range of Great Plains states and E. angustifolia can grow in many broad habitats, although some populations have been decreasing due to grazing, herbicide use, and other land management practices. The habitat vulnerability score is moderately low as the rocky prairie habitat is widespread and not particularly threatened. Since the great plowing of prairies occurred, habitats have remained generally available with no special threats, and the plants do not require any unique soil type. The demand score is moderately high as market demand is high, but yield per acre is moderate, and cultivated sources are known and available. Overall, E. angustifolia, with a score of 44, has only a moderate risk of being over-harvested. 5) Peyote (Lophophora williamsii, (Lem. ex SalmDyck) J.M. Coult. Cactaceae) , score of 49 L. williamsii, or peyote, is an unusual medicinal plant as it is not legal for most people to harvest or possess it, yet it is a central part of a Native American sacrament. There is considerable concern about the over-harvest of this plant due to its limited range, the tightening of trade across the Mexican border, and the growth of the Native American Church (Terry et al. 2011) . Peyote scores high on life history as it is a longlived cactus that produces slowly, but it does vegetatively propagate and tolerate some disturbance. It also scores high on the effects of harvest because either crowns or whole plants are collected and the harvest season is very long. When the crowns are harvested, regrowth takes at least four years (Terry, personal communication January 2013; Terry et al., 2011) . As for abundance and range, it has a moderately high score as populations are not dense, most of the large range is in Mexico and inaccessible to US harvesters, and population declines have been documented. Peyote's main habitat score is fairly low, as its habitat is widespread and has not changed greatly over the last decades. Modifying questions increase this section score because the plant is only found on calcareous soil and the habitat is threatened by invasive species and development. The highly regulated market keeps legal demand low, but the demand section score is increased because the yield per acre is less than 10 pounds, no substitutes are acceptable, and it is not currently commercially cultivated.
Conclusions: Applications and Limitations
We believe that the At-Risk Tool can be a useful method of summarizing a plant species' vulnerability to over-exploitation and will be helpful for setting conservation priorities. The tool does not provide a clear numerical cut-off between species that warrant protection and species that can be harvested without concern. It does, however, provide a snapshot of relative vulnerability based on magnitude of total score, and a quick synopsis of areas of greatest concern based on the subscores.
Additional Influences on Vulnerability and Missing Information
We recognize that other factors not included in the tool may influence a species' vulnerability and these circumstances will require broader discussion. We also recognize that the information on plant populations, habitats, and demand, that are required to use the tool, are not always well documented and are rarely available in the same form across species. While this lack of consistent baseline data highlights a limitation of the tool, it also demonstrates an important secondary function of the tool: use of the tool requires a compilation of available information into one place and draws attention to areas where data is entirely lacking. Such gaps in knowledge can be the starting point for future studies, and use of the tool brings them to light. An important attribute of the tool is that it is adaptable to new information and that scores can be easily updated or generated as new information is learned or conditions change.
Using Scores and the At-Risk Tool
We are hopeful that, like the original At-Risk and ToWatch Lists, the new scores will be used by a wide range of audiences, from land management organizations setting conservation priorities to herbalists recommending appropriate alternatives to the most vulnerable herbs. The availability of subscores for each area should aid in planning and decision-making. For example, even though they both score 49, different strategies should be employed to protect white sage (Salvia apiana Jeps. Lamiaceae), which has a highly threatened habitat in the southern California desert and moderate demand for leaves, than to protect the stream orchid (Epipactis gigantea Douglas ex. Hook. Orchidaceae), which has low demand but an inherently more vulnerable life history, being a water-loving perennial orchid.
The tool can be used to quickly model how potential changes might affect a species' vulnerability. If a plant were determined next year to be the next Viagra, only better, then the At-Risk Tool could be used to determine to what degree we should be concerned about its potential overharvest. It can also be used to project effects of changes in range and habitat due to climate change, invasive species or urban expansion.
Opportunities for Expansion
One current limitation of use of the tool is small sample size of plants scored. Scores would be of greater value if they could be compared to scores from a broader sample of medicinal plants. We heartily encourage others interested and knowledgeable about medicinal plants in North America to assess plants using the At-Risk Tool and submit the results and comments to the United Plant Savers.
While designed for wild-harvested medicinal plants in temperate North America, the questions on the At-Risk tool can apply to many other groups of plants and regions with only slight modifications to questions. The tool can also serve as a dynamic teaching instrument for students and the general public who are concerned about wild plant populations. As use of the At-Risk Tool expands to other species and other regions, we anticipate productive discussions for adjustments to provide scores that will best inform practitioners working with the goal of sustainable plant populations. Few sca ered popula ons exist and many more sparse popula ons. (There are a few places in which a harvester could harvest all day moving around a bit, but most places the harvester would need to drive distances to harvest all day.) +12
Popula ons are few and sparse.
3.1 Range -2 Large (plant found across an area greater than 300 miles) 0 Medium (plant found across an area 100 to 300 miles) +2 Small (plant found across an area less than 100 miles) 3.2 Change in overall popula on size in primary harvest range -2 Popula on known to be increasing 0 Popula on stable or status unknown +2 Declines in popula on size documented 3.3 Degree of habitat specializa on -2 Can grow in roadsides, vacant lots or other disturbed areas 0
Can grow in broad habitat categories (e.g. "eastern deciduous forest" or "great plains grassland") +2
Can only grow in a very limited habitat (e.g. "moist acidic glades in eastern deciduous forest" or "limestone outcrops in tall-grass prairie")
IV. Habitat: How vulnerable is the habitat?
4. How vulnerable is the plant's physical habitat? +4 Habitat is widespread and no more threatened than all land areas. +8
Habitat is limited OR specifically threatened +12
Habitat is limited AND specifically threatened 4.1 Habitat Acreage Change -2 Habitat acreage is expanding (e.g. forest edge, roadsides, "suburban savannas") 0
Habitat acreage unchanged or not drama cally reduced +2
Habitat acreage has been reduced by 50% or more over last 100 years. Growth on a commercial scale probably not achievable (plant material not available AND special associa ons required)
